Styela plicata and Ciona intestinalis were collected from the shallow water of the Arabian Gulf, Saudi Arabia during 2011 -2014. Breeding and non breeding seasons were considered. Specimens were dissected alive in seawater and isolated parts from the intestine were sampled. In a previous study, a sporocyst of a coccidian was observed completely embedded in the intestinal epithelial cells of Styela plicata. Since that time, the author tried to find all stages of the life cycle of this coccidian parasite and describe them. Ascidians may obtain parasites from their food through water filtration, or directly swallow an unsporulated oocyst with incurrent water. Sporozoites initiate infection probably homoxenously or heteroxenously. Sporozoites then enter host intestinal epithelial cells and there transform into meronts. Merozoites of the final merogony enter blood cells to initiate the gametic cycle, and become either macrogamonts or microgamonts. Microgamontes became trophozoites (uninucleated zoite). These divide by multiple fission to produce large numbers of flagellated microgametes. Macrogamonts develop into macrogametes without further division. Syngamy produces zygotes, then merogony proceeds to form merozoites which enter new host cells extraintestinal like blood cells to produce more merogonous cycles. The present study concluded that the investigated parasite may belong to Genus Isospora (Schneider, 1881). Since in Volume-2 | Issue-1 | January,2016 | Paper-1 1 isosporans sporogony leads to the formation of four sporozoites inside each sporoblast and this agametic phase develop extraintestinal.
INTRODUCTION
The pathogens of interest are those commonly associated with diseases. In many marine organisms health assessments, the role of parasites on their hygiene can be overlooked. Their presence is usually only a concern when they affect an edible species of interest, or cause detrimental effects to the economy or a recreational activity, or a commercial fishery. Parasitic species can be found everywhere, and on every living organism. Their presence in their host is generally at equilibrium in marine organisms and the most common lifestyle on the planet (Marcogliese 2005) . Consequently, it is difficult to find any environment or organism that can be labeled as 'pristine' or parasite-free. When researchers describe control sites as being pristine, pathogen or disease-free, they are merely describing the lack of viruses, bacteria and xenobiotics, and are not generally referring to parasites. There are times when changes in the environment (natural or anthropogenic) can change the state of balance of the parasite between host and nature, thus resulting in disease. These changes can be environmental such as temperature, climate, or anthropogenic such as pollution and urbanization (Lafferty and Kuris 1999) . When the dynamic equilibrium between host and parasite is lost, some changes can occur within the host. These changes can cause mechanical damage (fusion of gill lamellae, tissue replacement), physiolo i al da a e ell proli eration i no od lation altered ro t detri ental be a ioral responses and or reprod ti e da a e an and indstr 2002, Knudsen et al. 2009, Diouf and Toguebaye, 2013) . The roles, functions, and life-styles of parasites help to characterize an ecosystem. Knowledge of parasites and parasitic communities, allows researchers to recognize the role of the marine organism`s host in the food web or ecosystem (Marcogliese and Cone 1997 , Overstreet 1997 , Marcogliese 2005 , determine changes in host diet (Campbell et al. 1980 , Huxham et al. 1995 , Pascual et al. 1996 , Knudsen et al. 2004 , relationships of host with other organisms (Marcogliese 2005) , describe niche changes (Marcogliese 2005) , determine the presence of predators or seasonal migrants (George-Nascimento 1987; Jirku, et al. 2002) , and determine changes from pollution and climatic stressors (Overstreet 1981 , 1993 , Khan and Thulin 1991 , Mackenzie et al. 1995 , Marcogleise 2004 , Jirku and Modry, 2006 , Duszynski, et al. 2007 ). This overview is meant to provide a deeper appreciation for the role of parasites in marine organism`s health assessments.
The general lack of information on ascidian parasites applies equally to the protozoa and helminthes. Although behavior, ecology and physiology are well known, relatively few studies have documented the incidence of parasites and their influence on their hosts (Hoberg 1996 , Upton 2000 ). Many ascidians,
including Styela plicata, Styela partita and Ascidia mentula breed during summer in Mediterranean Sea (Saad, 2008 (Saad, , 2010 . Ascidians serve as ideal habitats for ectoparasites (own observation ; Cox, 1994 Ciancio, et al. (1999) studied the vegetative and sporulation stages of Hapiosporidium ascidiarum from the ascidian Ciona intestinaiis . Scippa, et al. (2000) observed an Apicomplexan microparasite from the Pericardic Body of Ciona intestinalis. Although those parasites, too, are better transmitted during the breeding season because of the abundance of marine littoral intermediate hosts (Hoberg, 1996) . The colonial ascidian Botryllus schlosseri is a stable microhabitat potentially favourable for feeding, shelter, brooding and reproduction of many marine microorganisms. Saad and Barakat (2010) identified the microfauna including parasites living on and in this colonial ascidian using light and electron microscopies.
In previous work, the author found accidently a sporocyst of a coccidian completely embedded in the intestinal mucosa of Styela plicata (Saad 2008) . Since this time the author tried to find all stages of the life cycle of this coccidian parasite (the present study continued four years, induced infection did not take place and natural infection was considered).
MATERIALS AND METHODS
Adult specimens of Styela plicata (Lesuaer, 1823) and Ciona intestinalis (Linnaeus, 1767) were collected from the shallow waters of the Arabian Gulf, Saudi Arabia during 2011 -2014. Breeding and non breeding seasons were considered according to Saad, 2008 Saad, , 2010 Saad, et al. 2011) . Identification of these ascidians were carried out according to Millar (1988) .
Microscopic observation
Adult specimens were dissected alive in seawater and isolated parts from the gastrointestinal tract were fixed in 10% formalin and washed in distilled water for 24 hours. Dehydration takes place through an ascending series of ethyl alcohol, followed by another dehydration series of tertiary butyl alcohol, then 
RESULTS
Styela plicata (Fig. 1 Volume-2 | Issue-1 | January,2016 | Paper-1 differentiate to macro-and microgamonts . The macrogamonts (6 X 5.6 µm) were provided with large nuclei and prominent nucleoli. Finally macrogamont transformed into macrogametes without further division and provided with small dense granules and large amylopectin granules in the cytoplasm (Fig. 8 ). The parasitophorous vacuole became narrow as the parasite increased in size or in other cases when parasite huge-sized it tear off ( Fig. 7) .
Microgamonts underwent multiple fission and spreaded along the intestinal epithelia (Figs. 3 -8) . More than one microgamont can be seen inside blood cells in one epithelial cell ( Fig. 7) . Microgamonts grow after penetration of merozoites to the blood cells and became a uninucleated zoite (Fig. 8 ). The later grows in size to reach 4.6 X 4.5 µm and the parasitophorous vacuole enlarges too. The nucleus of the uninucleated zoite underwent many divisions ( Fig. 3 ).
Later the microgamont has a large lobulated nucleus. This suggests that the Syngamy took place and the spherical zygote with centrally located nucleus was formed (11.1 X 8.3 µm). As an external wall gradually formed, the zygote transformed into an oocyst (Fig 12) with two types of granules in the cytoplasm, amylopectins and small sized lipid granules.
As sporogony proceeded, the oocyst shrank (4.8 X 5 µm) and its wall thickened. The micropyle with its cap were out of focus. Ultrastructurally, uninucleated zoites were observed in leucocytes but it was very difficult to determine whether this stage lied also extracellularly ( Fig. 16 ).
This stage had a large prominent nucleus with only mitochondria in its cytoplasm, dense granules and microtubules (Fig. 17 Microgamonts were spherical in shape with prominent nuclei and peripherally situated chromatin. It contained a number of microtubules underneath its pellicle, a number of mitochondria in the cytoplasm and the parasitophorous vacuole appeared later ( Fig. 19 ). Bodies with dense electron material appeared in the zygote similar to that of wall forming bodies. Smaller bodies with dense electron material were observed perhaps they represent the wall forming bodies .
Invaginations or cytostomes were also observed ( Fig. 21) . Cytostomes are sometimes connected with food vacuoles. The amount of amylopectins increased in the zygote stage. The oocyst was surrouned by two homogenous layers, similar to each other in shape and electron dense characteristics. A third layer appeared interiorly irregularly shaped with highly dense electron material ( Fig. 21) . As the oocyst developed, the nucleus became homogenous and provided with a nucleolus and the third layer thickened and cracked. Gradually the parasitophorous vacuole disintegrated followed by complete lysis of the lecocyte host cell. Flattening of the neighbouring cells occurred due to gradual enlargement of the oocyst (Figs. 20 -21) .
Schizogony

First generation schizont
After ingesting the unsporulated sporocyst through the oral opening in both ascidians studied, a process of sporogony occurred in the lumen of the intestine and the sporozoites released and penetrated the intestinal mucosa where the agametic cycle started. The first generation schizont appeared afterwards and schizonts increased in number especially in the lower part of the intestine. The schizont diameter in this stage was (13.4 X 12.8 µm). The total number of sporozoites in each schizont was more or less 64 ones.
Second generation schizont
The sporozoites of the first generation schizont now became free of the host infected intestinal epithelia and entered other cells to form schizonts of second generation (Fig, 22) . each with about 43 nuclei (12.3 X 8.5 µm). Schizonts enlaged gradually in diameter (15.2 X 10.3 µm) and had similar morphology and characteristics of the first generation schizont.
So, it can be concluded that schizonts of the first generation were larger in diameter and contained more number of sporozoites compared with the schizonts of the second generation.
Scanning electron microscopy revealed that the sporozoite appeared cylindrical in shape with a rigid pellicle (Fig, 23) . Transmission electron microscopy revealed that schizonts of the first generation were completely embedded in the epithelial cells and rested near the basal membranes. into trophozoites which become meronts (Fig. 30) . These divide by agametic proliferation, merogony, to form merozoites which may enter new host cells extraintestinal to produce more merogonous cycles (Fig. 31) . Usually, in coccidia, there are fixed numbers of agametic generations. Merozoites of the final merogony enter host cells to initiate the gametic cycle, and become either macrogamonts or microgamonts (Fig. 32 ). The former develop into macrogametes without further division whilst microgamonts divide by multiple fission to produce large numbers of flagellated microgametes. Microgametes fertilize macrogametes to produce zygotes and the cycle will be repeated.
Discussion
Coccidians represent the largest group of organisms within the Apicomplexa and they have a wide range of animal hosts (Levine, 1988; Cox, 1994; Upton, 2000) . There are relatively few reports documenting the parasites Vos, 1971 ). Long and Joyner (1984) discussed the problem of identification of species of coccidians, and they indicated the limitations of using morphological data derived from oocysts and the necessity for using other characteristics. However, the oocyst and, in particular the structure of its contained sporocysts, are considered important features in differentiating genera and species. This study concluded that development of the present coccidian is endogenous and follows a eucoccidian pattern of merogony, gamogony and sporogony. Similar results of the present study were found describing the general morphology of the uninucleated zoite (Paterson and Desser, 1981a&b; Molnir and Baska, 1986) . The early trophozoite (derived from the sporozoite) is usually rounded. That of Goussia iroguoina contains remnants of micronemes, mitochondria, and a nucleus with a prominent nucleolus, and lies within a parasitophorous vacuole (Paterson and Desser, 1981c&d) . The youngest trophozoites of Epieimeria anguillae are surrounded by two unit membranes (Molnir and Baska, 1986) . Later (Paterson and Desser, 1982) . Before merogony, the trophozoite may roundup, loses its pellicle and undergoes nuclear division. The present study revealed that sporogony took place in the intestinal epithelium whereas merogony and gamogony were in the circulatory system and this conclusion contradict that of Davies, 1978; Hawkins et al., 1984; Molnar et al., 2005 . The site of merogony may be the same as that in which gamonts, oocysts, and early sporogony occur. This is true of Eimeria variabilis, Calyptospora funduli and
Eimeria (Davies, 1978; Hawkins et al., 1984; Molnar et al., 2005) . Sometimes, however, its location is very different from the site of gamonts or subsequent stages. In Eimeria brevoortia, for example, merozoites and gamonts apparently occur in the intestine, while sporogony occurs in the swim bladder (Hardcastle, 1944) . In several instances the study of experimentally infected hosts has done much to improve understanding of the sequential agametic development of coccidians. Merogony in several fish coccidians is similar to that seen in homeotherm hosts. Meronts of Goussiu iroquoina, Goussia sinensis, and
Goussiu carpelli develop within parasitophorous vacuoles (Paterson and Desser, 1981d; Baska and Molnar, 1989; Steinhagen, 1991; Molnar et al., 2005) , but no parasitophorous vacuole was evident surrounding two meronts of Eimeria variabilis (Davies 1990) . In most coccidians the parasitophorous vacuole membrane is produced by the host cell, but its origin varies. The host cell plasmalemma often forms the vacuole membrane during the process of phagocytic entry by the sporozoite or the merozoite of the previous generation.
Merozoites appear to be produced by three methods: exogenesis (ectomerogony), in which merozoites are budded from the surface of the meront; endomerogony, in which several merozoites are produced within the meront; and endodyogeny, in which paired merozoites are produced internally.
The ultrastructure of merozoites of piscine coccidians resembles that of other closely related coccidians (Scholtyseck, 1973; Chobotar and Scholtyseck, 1982; Ball and Pittilo, 1990) . Merozoites of Eimeriu vunusi are bound by two unit membranes (Paperna, 1990) ; those of Goussiu sinensis are bound by a threelayered pellicle (Baska and Molnar, 1989) . Young macrogamonts are usually 5.0-26.0 pm in diameter. They are mostly spherical or ellipsoidal structures surrounded by one or more delicate membranes and they commonly lie within a parasitophorous vacuole. Young macrogamonts of Goussia iroquoina have elaborately shaped mitochondria, granular endoplasmic reticulum, and Golgi complexes (Paterson and Desser, 1981a) . Microgametogenesis of the present study follows a basic pattern similar to that described for coccidians. A phase of nuclear division associated with growth of the microgamont preceded differentiation of microgametes (Scholtyseck, 1973: Chobotar and Scholtyseck, 1982; Ball and Pittilo, 1990) . Coccidians that have been shown to conform to this pattern of development include, for example, Goussia iroquoina, Goussia aculeati, and Goussia zarnowskii (Paterson and Desser, 1981b; Jastrzebski, 1989; Jastrzebski and Komorowski, 1990) . This observation contradicted to that of Eimeria vanusi, in which the microgamont nucleus does not subdivide before microgamete formation (Paperna, 1990) . Microgamonts develop within a parasitophorous vacuole, which in Goussia iroquoina, Calyptospora funduli and Goussia sinensis is bound by a single limiting membrane (Hawkins et al., 1983; Paterson and Desser, 1984; Baska and Molnar, 1989) .
Oocysts tend to be spherical or ellipsoid structures (generally 4.5-70 pm in diameter, depending on species), although some are cylindrical, as those of Eimeria southwelli Halawani, 1930 and Eimeria quentini Boulard, 1977 . The oocyst walls are commonly thin, and one species, Goussia sinensis, is reported to have a micropyle (Chen, 1956) . Some thin oocyst walls tend to collapse on to the sporocysts following sporulation. In coccidians of homeotherms the oocyst wall tends to be thick, and is formed from two types of wall-forming bodies International Journal For Research In Biology & Pharmacy ISSN: 2208 -2093 (WF1 and WF2) that are discharged around the fertilized macrogamete, but in fish coccidians these bodies are not always recognized. Bodies resembling the wall-forming bodies of coccidians of homeotherms have been described, but some of these may be involved in sporocyst wall formation. Oocysts vary in their site of development. As for other stages of fish coccidians, the gut is a favoured location but extraintestinal sites where oocysts may be found include liver, kidney, spleen, pancreas, testes, ovary, peritoneum, swim bladder, gall bladder, adipose tissue and gill filaments. Within the same species, oocysts may occur in the same location as merozoites and gamonts, or at different sites, suggesting that in some cases migration occurs.
Sporocyst walls of Goussia auxidis were found to consist of three layers. The outer layer was a laminar envelope with 2-12 laminations parallel to the wall, an electron dense layer 14 nm thick, and a transversely laminated wall 160-180 nm thick.
Dispersal of oocysts from the gut of fish occurs presumably in the faeces, where oocysts may be passed unsporulated, semisporulated, or fully sporulated.
Tissue-inhabiting coccidia such as Eimeriu sardinae from the testes of A n ber o is o idia apparently nder o " i ration" d rin de elop ent but there is little to indicate how this occurs.
FIGURES
Figure 1
Photomacrograph of a whole mount of Styela plicata. Note: wrinkled and tough tunic.
Figure 2
Photomacrograph of a whole mount of Ciona intestinalis. Note: two squirts are beside each others. Note: smooth and transparent tunic.
Figure 3
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing a uninucleated zoite in an epithelial cell and a microgamont inside a blood cell.
Figure 4
Photomicrograph of a transverse section in intestinal mucosa of Styela plicata showing a macrogamont and a microgamont . Note: each gamont is present in a parasitophorous vacuole cytoplasm is filled with dense granules. Destruction of the host cell can be noticed.
Figure 5
Photomicrograph of a transverse section in intestinal mucosa of Styela plicata showing two macrogamonts. Note: large nucleus with a nucleolus. X 1800
Figure 6
Photomicrograph of a transverse section in intestinal mucosa of Styela plicata showing one microgamont and other macrogamont. Note: Damage of the host cell nucleus.
Figure 7
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing two microgamonts. Note: enlarged nucleus of one gamont and damage of the host cell nucleus.
Figure 8
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing a multinucleated microgamont inside the paracytophorous vacuole . Note: four nuclei inside the gamont. Volume-2 | Issue-1 | January,2016 | Paper-1
Figure 10
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing a fully formed schizont. Note: appearance of differentiated merozoites inside the schizont leaving residual bodies and healthy epithelial cells surround the infected cell underneath.
Figure 11
Photomicrograph of a transverse section in intestinal mucosa of Styela plicata showing a multinucleated schizont. Note: destruction of host cell nucleus and deterioration of the leucocyte.
Figure 12
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing an oocyst . Note: thickness of its wall especially at its both poles.
Figure 13
Photomicrograph of a transverse section in intestinal mucosa of Styela plicata showing a sporocyst with four sporouoites . Note: the residual body at one pole.
Figure 14
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing a sporulated oocyst containing two sporocysts, each contain four sporouoites . Note: thin of its wall.
Figure 15
Photomicrograph of a transverse section in intestinal mucosa of Ciona intestinalis showing a dividing oocyst into two sporocysts. Note: thin wall. 
Figure 22
SEM of a transverse section in intestinal mucosa of Styela plicata showing schizont of second generation. Note: the schizont now became free of the host infected intestinal epithelia.
Figure 23
SEM of a transverse section in intestinal mucosa of Styela plicata showing sporozoite of second generation. Note: the sporozoite appeared cylindrical in shape with a rigid pellicle.
Figure 24
TEM of a transverse section of intestinal mucosa of Ciona intestinalis showing a scizont. Note: each nucleus is surrounded with a single membrane, a number of merozoites surrounded by dark granules separate from the schizont.
Figures 25 -26
TEM of a transverse section of intestinal mucosa of Ciona intestinalis showing Sporogony of second generation inside the schizont. Note: formation of the conoid, a single unit membrane and subpellicular microtubules.
Figure 27
TEM of a transverse section of intestinal mucosa of Ciona intestinalis showing two free Sporozoites. Note: Sporozoites after release had a number of vesicles anteriorly which are similar to that seen inside the cytoplasm of the schizont.
Figures 28 -29
TEM of a transverse section of intestinal mucosa of Styela plicata showing free merozoites. Note: lysis of pellicle, a constriction of its nucleus took place and some organelles appeared in the cytoplasm represented by mitochondria, Golgi Complex and endoplasmic reticulum.
Figure 30
TEM of a transverse section of intestinal mucosa of Styela plicata showing merozoites enter the mucosal cells. Note: remaining of pellicle and micronemes. Sporozoites may then enter host gut epithelial cells, or travel to extraintestinal sites, and there transform into trophozoites which become meronts.
Figure 31
TEM of a transverse section of intestinal mucosa of Styela plicata showing merogonous cycles and free extraintestinal. Note: remaining of pellicle and micronemes.
Figure 32
Photomicrograph of a transverse section of intestinal mucosa of Styela plicata showing merozoites of the final merogony enter host blood cells to initiate the gametic cycle, and become either macrogamonts or microgamonts. Note: remaining of pellicle and micronemes. 
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